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RIWKHGDPDQGDGGXFWLRQDQGODFNRIPDMRUHQYLURQPHQWDOSUREOHPVFRPELQHGZLWKWKHDELOLW\WRSURGXFHHQHUJ\1XPHULFDO
VLPXODWLRQVZLWKDGYDQFHGK\GURLQIRUPDWLFWRROVDUHRIWHQWKHPRVWHIILFLHQWDQGSUDFWLFDOPHWKRGVIRUPRGHOOLQJDSSURDFKFKDQQHO
ORVV LQFRPSOH[K\GURWHFKQLFDOV\VWHPV7KLVSDSHUDQDO\VHV WKHQHFHVVLW\DQGSRVVLELOLW\RIDSSURDFKFKDQQHOPRGHOOLQJZLWK
DGYDQFHGK\GURLQIRUPDWLFWRRO7KHVWXG\FDVHVKRZV6PDOOK\GURSRZHUSODQW+XWD&HUWH]H)RUWKHPRGHOOLQJDUHXVH0,.(
E\'+,VRIWZDUH+'PRGXOH
,QWURGXFWLRQ
0LFURK\GUR V\VWHPV DUH YHU\ IOH[LEOH DQG FDQ EH GHSOR\HG LQ D QXPEHU RI GLIIHUHQW HQYLURQPHQWV 7KH\ DUH
GHSHQGHQWRQKRZPXFKZDWHUIORZWKHVRXUFHFUHHNULYHUDQGVWUHDPKDVDQGWKHYHORFLW\RIWKHIORZRIZDWHU
(QHUJ\FDQEHVWRUHGLQEDWWHU\EDQNVDWVLWHVWKDWDUHIDUIURPDIDFLOLW\RUXVHGLQDGGLWLRQWRDV\VWHPWKDWLVGLUHFWO\
FRQQHFWHGVRWKDWLQWLPHVRIKLJKGHPDQGWKHUHLVDGGLWLRQDOUHVHUYHHQHUJ\DYDLODEOH7KHVHV\VWHPVFDQEHGHVLJQHG
WR PLQLPL]H FRPPXQLW\ DQG HQYLURQPHQWDO LPSDFW UHJXODUO\ FDXVHG E\ ODUJH GDPV RU RWKHU PDVV K\GURHOHFWULF
JHQHUDWLRQVLWHV

)LJ&RQVWUXFWLRQGHWDLOVRIDPLFURK\GURSODQW>@
0LFURK\GURLVDW\SHRIK\GURHOHFWULFSRZHUWKDWW\SLFDOO\SURGXFHVIURPN:WRN:RIHOHFWULFLW\XVLQJWKH
QDWXUDOIORZRIZDWHU,QVWDOODWLRQVEHORZN:DUHFDOOHGSLFRK\GUR>@7KHVHLQVWDOODWLRQVFDQSURYLGHSRZHUWR
DQLVRODWHGKRPHRUVPDOOFRPPXQLW\RUDUHVRPHWLPHVFRQQHFWHGWRHOHFWULFSRZHUQHWZRUNVSDUWLFXODUO\ZKHUH
QHWPHWHULQJLVRIIHUHG7KHUHDUHPDQ\RIWKHVHLQVWDOODWLRQVDURXQGWKHZRUOGSDUWLFXODUO\LQGHYHORSLQJQDWLRQVDV
WKH\FDQSURYLGHDQHFRQRPLFDOVRXUFHRIHQHUJ\ZLWKRXWWKHSXUFKDVHRIIXHO0LFURK\GURV\VWHPVFRPSOHPHQW
VRODU39SRZHUV\VWHPVEHFDXVHLQPDQ\DUHDVZDWHUIORZDQGWKXVDYDLODEOHK\GURSRZHULVKLJKHVWLQWKHZLQWHU
ZKHQVRODUHQHUJ\LVDWDPLQLPXP0LFURK\GURLVIUHTXHQWO\DFFRPSOLVKHGZLWKD3HOWRQZKHHOIRUKLJKKHDGORZ
IORZZDWHUVXSSO\7KHLQVWDOODWLRQLVRIWHQMXVWDVPDOOGDPPHGSRRODWWKHWRSRIDZDWHUIDOOZLWKVHYHUDOKXQGUHG
IHHWRISLSHOHDGLQJWRVPDOOJHQHUDWRUKRXVLQJ
&RQVWUXFWLRQGHWDLOVRIDPLFURK\GURSODQWDUHLOOXVWUDWHGLQ)LJXUH&RQVWUXFWLRQGHWDLOVRIDPLFURK\GURSODQW
DUHVLWHVSHFLILF6RPHWLPHVDQH[LVWLQJPLOOSRQGRURWKHUDUWLILFLDOUHVHUYRLULVDYDLODEOHDQGFDQEHDGDSWHGIRUSRZHU
SURGXFWLRQ,QJHQHUDOPLFURK\GURV\VWHPVDUHPDGHXSRIDQXPEHURIFRPSRQHQWV7KHPRVWLPSRUWDQWLQFOXGHWKH
LQWDNHZKHUHZDWHULVGLYHUWHGIURPWKHQDWXUDOVWUHDPULYHURUSHUKDSVDZDWHUIDOO$QLQWDNHVWUXFWXUHVXFKDVDFDWFK
ER[ LV UHTXLUHG WRVFUHHQRXW IORDWLQJGHEULVDQGILVKXVLQJDVFUHHQRUDUUD\RIEDUV WRNHHSRXW ODUJHREMHFWV,Q
WHPSHUDWHFOLPDWHVWKLVVWUXFWXUHPXVWUHVLVWLFHDVZHOO7KHLQWDNHPD\KDYHDJDWHWRDOORZWKHV\VWHPWREHGHZDWHUHG
IRU LQVSHFWLRQ DQGPDLQWHQDQFH 7KH LQWDNH WKHQ WXQQHOV ZDWHU WKURXJK D SLSHOLQH SHQVWRFN WR WKH SRZHUKRXVH
EXLOGLQJZKLFKFRQWDLQVDWXUELQH,QPRXQWDLQRXVDUHDVDFFHVVWRWKHURXWHRIWKHSHQVWRFNPD\SURYLGHFRQVLGHUDEOH
FKDOOHQJHV,IWKHZDWHUVRXUFHDQGWXUELQHDUHIDUDSDUWWKHFRQVWUXFWLRQRIWKHSHQVWRFNPD\EHWKHODUJHVWSDUWRIWKH
FRVWVRIFRQVWUXFWLRQ$WWKHWXUELQHDFRQWUROOLQJYDOYHLVLQVWDOOHGWRUHJXODWHWKHIORZDQGWKHVSHHGRIWKHWXUELQH
7KHWXUELQHFRQYHUWVWKHIORZDQGSUHVVXUHRIWKHZDWHUWRPHFKDQLFDOHQHUJ\WKHZDWHUHPHUJLQJIURPWKHWXUELQH
UHWXUQVWRWKHQDWXUDOZDWHUFRXUVHDORQJDWDLOUDFHFKDQQHO7KHWXUELQHWXUQVDJHQHUDWRUZKLFKLVWKHQFRQQHFWHGWR
HOHFWULFDOORDGVWKLVPLJKWEHGLUHFWO\FRQQHFWHGWRWKHSRZHUV\VWHPRIDVLQJOHEXLOGLQJLQYHU\VPDOOLQVWDOODWLRQV
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RU PD\ EH FRQQHFWHG WR D FRPPXQLW\ GLVWULEXWLRQ V\VWHP IRU VHYHUDO KRPHV RU EXLOGLQJV 8VXDOO\ PLFURK\GUR
LQVWDOODWLRQVGRQRWKDYHDGDPDQGUHVHUYRLUVOLNHODUJHK\GURHOHFWULFSODQWVKDYHUHO\LQJRQDPLQLPDOIORZRIZDWHU
WREHDYDLODEOH\HDUURXQG>@
0,.(VRIWZDUHSDFNDJHDGYDQFHVK\GURLQIRUPDWLFWRRO
0,.( LVDSURIHVVLRQDOHQJLQHHULQJVRIWZDUHSDFNDJHIRUVLPXODWLRQRIRQHGLPHQVLRQDO IORZV LQHVWXDULHV
ULYHUVLUULJDWLRQV\VWHPVFKDQQHOVDQGRWKHUZDWHUERGLHV0,.(LVDGLPHQVLRQDOULYHUPRGHO,WZDVGHYHORSHG
E\'+,:DWHU(QYLURQPHQW+HDOWK'HQPDUN
7KH+\GURG\QDPLF0RGXOH+'ZKLFKLVWKHFRUHFRPSRQHQWRIWKHPRGHOFRQWDLQVDQLPSOLFLWILQLWHGLIIHUHQFH
SRLQW$EERWW,RQHVFXVFKHPHIRUVROYLQJWKH6DLQW9HQDQW¶VHTXDWLRQV7KHIRUPXODWLRQFDQEHDSSOLHGWREUDQFKHG
DQGORRSHGQHWZRUNVDQGIORRGSODLQV+'PRGXOHSURYLGHVIXOO\G\QDPLFVROXWLRQWRWKHFRPSOHWHQRQOLQHDU'
6DLQW9HQDQWHTXDWLRQVGLIIXVLYHZDYHDSSUR[LPDWLRQDQGNLQHPDWLFZDYHDSSUR[LPDWLRQ0XVNLQJXPPHWKRGDQG
0XVNLQJXP&XQJH PHWKRG IRU VLPSOLILHG FKDQQHO URXWLQJ ,W FDQ DXWRPDWLFDOO\ DGDSW WR VXEFULWLFDO IORZ DQG
VXSHUFULWLFDO IORZ ,WKDVDELOLW\ WR VLPXODWH VWDQGDUGK\GUDXOLF VWUXFWXUHV VXFKDVZHLUV FXOYHUWVEULGJHVSXPSV
HQHUJ\ORVVDQGVOXLFHJDWHV
7KH0,.(LVDQLPSOLFLWILQLWHGLIIHUHQFHPRGHOIRURQHGLPHQVLRQDOXQVWHDG\IORZFRPSXWDWLRQDQGFDQEH
DSSOLHGWRORRSHGQHWZRUNVDQGTXDVLWZRGLPHQVLRQDOIORZVLPXODWLRQRQIORRGSODLQV7KHPRGHOKDVEHHQGHVLJQHG
WRSHUIRUPGHWDLOHGPRGHOOLQJRIULYHUVLQFOXGLQJVSHFLDOWUHDWPHQWRIIORRGSODLQVURDGRYHUWRSSLQJFXOYHUWVJDWH
RSHQLQJVDQGZHLUV0,.(LVFDSDEOHRIXVLQJNLQHPDWLFGLIIXVLYHRUIXOO\G\QDPLFYHUWLFDOO\LQWHJUDWHGPDVV
DQGPRPHQWXPHTXDWLRQV%RXQGDU\W\SHVLQFOXGH4KUHODWLRQZDWHUOHYHOGLVFKDUJHZLQGILHOGGDPEUHDNDQG
UHVLVWDQFHIDFWRU7KHZDWHUOHYHOERXQGDU\PXVWEHDSSOLHGWRHLWKHUWKHXSVWUHDPRUGRZQVWUHDPERXQGDU\FRQGLWLRQ
LQWKHPRGHO7KHGLVFKDUJHERXQGDU\FDQEHDSSOLHGWRHLWKHUWKHXSVWUHDPRUGRZQVWUHDPERXQGDU\FRQGLWLRQDQG
FDQDOVREHDSSOLHGWRWKHVLGHWULEXWDU\IORZODWHUDOLQIORZ7KHODWHUDOLQIORZLVXVHGWRGHSLFWUXQRII7KH4K
UHODWLRQ ERXQGDU\ FDQ RQO\ EH DSSOLHG WR WKH GRZQVWUHDP ERXQGDU\ 0,.(  LV D PRGHOOLQJ SDFNDJH IRU WKH
VLPXODWLRQRIVXUIDFHUXQRIIIORZVHGLPHQWWUDQVSRUWDQGZDWHUTXDOLW\LQULYHUVFKDQQHOVHVWXDULHVDQGIORRGSODLQV
0,.(KDVORQJEHHQNQRZQDVDVRIWZDUHWRROZLWKDGYDQFHGLQWHUIDFHIDFLOLWLHV6LQFHWKHEHJLQQLQJ0,.(
ZDVRSHUDWHGWKURXJKDQHIILFLHQWLQWHUDFWLYHPHQXV\VWHPZLWKV\VWHPDWLFOD\RXWVDQGVHTXHQFLQJRIPHQXV,W LV
ZLWKLQ WKDW IUDPHZRUN ZKHUH WKH ODWHVW µ&ODVVLF¶ YHUVLRQ RI 0,.(  ± YHUVLRQ  ZDV GHYHORSHG 7KH QHZ
JHQHUDWLRQRI0,.(FRPELQHVWKHIHDWXUHVDQGH[SHULHQFHVIURPWKH0,.(µ&ODVVLF¶SHULRGZLWKWKHSRZHUIXO
:LQGRZVEDVHGXVHULQWHUIDFHLQFOXGLQJJUDSKLFDOHGLWLQJIDFLOLWLHVDQGLPSURYHGFRPSXWDWLRQDOVSHHGJDLQHGE\WKH
IXOOXWLOL]DWLRQRIELWWHFKQRORJ\7KHFRPSXWDWLRQDOFRUHRI0,.(LVK\GURG\QDPLFVLPXODWLRQHQJLQHDQGWKLV
LVFRPSOHPHQWHGE\DZLGHUDQJHRIDGGLWLRQDOPRGXOHVDQGH[WHQVLRQVFRYHULQJDOPRVWDOOFRQFHLYDEOHDVSHFWVRI
ULYHUPRGHOOLQJ0,.(KDVEHHQXVHGLQKXQGUHGVRIDSSOLFDWLRQDURXQGWKHZRUOG,WVPDLQDSSOLFDWLRQDUHDVDUH
IORRGDQDO\VLVDQGDOOHYLDWLRQGHVLJQUHDOWLPHIORRGIRUHFDVWLQJGDPEUHDNDQDO\VLVRSWLPL]DWLRQRIUHVHUYRLUDQG
FDQDOJDWHVWUXFWXUHRSHUDWLRQVHFRORJLFDODQGZDWHUTXDOLW\DVVHVVPHQWVLQULYHUVDQGZHWODQGVVHGLPHQWWUDQVSRUW
DQGULYHUPRUSKRORJ\VWXGLHVVDOLQLW\LQWUXVLRQLQULYHUVDQGHVWXDULHV>@
6WXG\&DVH
+\GURSRZHU&+(03+XWD&HUWH]HLVORFDWHGRQWKH5LYHU9DOHD5HD9DOHD0DUHDWULEXWDU\RIWKHULYHU7XU
K\GURJUDSKLF EDVLQ 6RPHV+\GURSRZHU&+(03+XWD&HUWH]H LV ORFDWHG LQ WKH ORFDOLW\+XWD&HUWH]H ±&HUWH]H
)LJXUH,WLVDOVRJHRJUDSKLFDOO\EHWZHHQSRLQWVRIFRQIOXHQFHRIULYHU0HVWHDFDQXSVWUHDPDQGGRZQVWUHDPHGJH
RIWKHYLOODJH+XWD&HUWH]H,QWKLVLQWHUYDO&+(03+XWD&HUWH]HLVDUUDQJHGEHWZHHQPXSVWUHDPIURPWKH
FRQIOXHQFHZLWKULYHU9DFDUXOXLDQGPWROLPLWWKHSRZHUSODQWEXLOGLQJDWWKHSHULPHWHURIWKHYLOODJH+XWD
&HUWH]H

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
)LJ3ODFHRI+\GURSRZHU+XWD&HUWH]H>@

)LJ0RGHOOLQJDUHDSODQ
+HDGUDFHIROORZVWKHULYHU9DOHD5HDDQGLV ORFDWHGQHDUWKHURDGWR WKHVSHFLILFIRUHVW7KHSLSHOLQHLVEXULHG
EHORZWKHIURVWGHSWKP7KHSLSHOLQHGLDPHWHU' PPDQGOHQJWK/ P3LSHPDWHULDOLVFRPSRVLWH
ILEUHJODVV *53 &KDQJHV GLUHFWLRQV IURP WKH SLSHOLQH DQG WHUPLQDO DUH SURYLGHG PDVVLYH FRQFUHWH DQFKRUDJH
FDOFXODWHGWRWDNHWKHVWDWLFDQGG\QDPLFIRUFHVWKDWZLOOHPHUJHLQWKHSLSHOLQH&+(03FDSWXUHIRU+XWD&HUWH]H
W\SHLVLQVWDOOHG7\UROHDQIORZRIPVZLWKGHGXVWLQJ>@7KHGDWDUHTXLUHGIRUPRGHOOLQJDUHPRGHOOLQJDUHD
SODQ)LJXUHORQJLWXGLQDOSURILOHRIDSSURDFKFKDQQHOFLUFXODUFURVVVHFWLRQVDORQJDSSURDFKFKDQQHOGLVFKDUJH
LQFURVVVHFWLRQXSVWUHDPERXQGDU\FRQGLWLRQV4+FXUYHLQFURVVVHFWLRQVLWXDWHGGRZQVWUHDP>@7KHREWDLQHG
UHVXOWVUHJDUGLQJWRDSSURDFKFKDQQHOPRGHOOLQJDUHZDWHUOHYHOLQHDFKFURVVVHFWLRQDORQJWKHORQJLWXGLQDOSURILOH
)LJXUH)URP)LJXUHLWLVREVHUYHGWKDWWKHUDWHYDULDWLRQVRIZDWHUOHYHODUHEHWZHHQFKDQQHOFKDLQDJHDQG

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5HVXOWVDQG'LVFXVVLRQV

)LJ:DWHUOHYHOLQHDFKFURVVVHFWLRQ
&RQFOXVLRQV
7KHPRGHOOLQJZLWKDGYDQFHGK\GURLQIRUPDWLFWRROVLVLPSRUWDQWIRUZDWHUFRXUVHVFKDQQHOVZKHUHPD\DSSHDU
SUREOHPVGXH WRHURVLRQRUGHSRVLWLRQ LQ ULYHUEHG$VSHFLDO LPSRUWDQFHKDV WKHTXDOLW\RI LQSXWGDWDQHHGHGIRU
PRGHOOLQJWRSRJUDSKLFDOGDWDRIFURVVVHFWLRQVVORSHVDQGEHGURXJKQHVV
0HPEHU6WDWHVVKRXOGDVVHVVDFWLYLWLHVWKDWKDYHWKHHIIHFWRILQFUHDVLQJIORRGULVNV)ORRGULVNPDQDJHPHQWSODQV
VKRXOG WKHUHIRUH WDNH LQWR DFFRXQW WKH SDUWLFXODU FKDUDFWHULVWLFV RI WKH DUHDV WKH\ FRYHU DQG SURYLGH IRU WDLORUHG
VROXWLRQVDFFRUGLQJWRWKHQHHGVDQGSULRULWLHVRIWKRVHDUHDVZKLOVWHQVXULQJUHOHYDQWFRRUGLQDWLRQZLWKLQULYHUEDVLQ
GLVWULFWVDQGSURPRWLQJWKHDFKLHYHPHQWRIHQYLURQPHQWDOREMHFWLYHVODLGGRZQLQ&RPPXQLW\OHJLVODWLRQ0HPEHU
6WDWHVVKRXOGEDVHWKHLUDVVHVVPHQWVPDSVDQGSODQVRQDSSURSULDWHµEHVWSUDFWLFH¶DQGµEHVWDYDLODEOHWHFKQRORJLHV¶
QRWHQWDLOLQJH[FHVVLYHFRVWVLQWKHILHOGRIIORRGULVNPDQDJHPHQW>@
$FNQRZOHGJHPHQW
7KLVSDSHUFDQEHSRVVLEOHWKDQNVWRSURMHFW'HYHORSPHQWRINQRZOHGJHFHQWUHVIRUOLIHORQJOHDUQLQJE\LQYROYLQJ
RIVSHFLDOLVWVDQGGHFLVLRQPDNHUVLQIORRGULVNPDQDJHPHQWXVLQJDGYDQFHGK\GURLQIRUPDWLFWRROV$*5((0(17
Q //3/G97R,5252/(2 7KLV SURMHFW KDV EHHQ IXQGHG ZLWK VXSSRUW IURP WKH
(XURSHDQ&RPPLVVLRQ7KLVSXEOLFDWLRQ>FRPPXQLFDWLRQ@UHIOHFWVWKHYLHZVRQO\RIWKHDXWKRUDQGWKH&RPPLVVLRQ
FDQQRWEHKHOGUHVSRQVLEOHIRUDQ\XVHZKLFKPD\EHPDGHRIWKHLQIRUPDWLRQFRQWDLQHGWKHUHLQ
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